The minimum local analgesic concentration has been defined as the median effective local analgesic concentration (EC 50 ) in a 20-ml volume for epidural analgesia in the first stage of labor. The aim of this study was to assess the relative analgesic potencies of epidural levobupivacaine and ropivacaine by determination of their respective minimum local analgesic concentrations.
EPIDURAL bupivacaine provides excellent analgesia for labor and delivery and remains the most widely used local anesthetic for obstetric analgesia. However, concerns regarding its potential for cardiovascular toxicity have prompted the search for alternative agents. Levobupivacaine and ropivacaine are relatively recently introduced amino amide local anesthetics that are structurally similar to bupivacaine. Both agents have been associated with less central nervous system and cardiac toxicity relative to bupivacaine when equal concentrations were compared. 1, 2 However, it is difficult to draw conclusions regarding analgesic efficacy and side effect profiles in the absence of information regarding the relative analgesic potencies of the two newer local anesthetics. To evaluate the pharmacodynamic contributions of various epidural analgesics, the minimum local analgesic concentration (MLAC) model was devised to determine the relative potencies of local anesthetics in the first stage of labor 3, 4 and to estimate the local anesthetic-sparing potential of epidural opioids and adjuncts. [5] [6] [7] [8] In a previous MLAC study, we found a 40% reduction in the analgesic potency of ropivacaine compared to bupivacaine. 4 In a separate MLAC study, Lyons et al. 9 found levobupivacaine to be equipotent to bupivacaine. Because the data are from two separate studies and the study of Lyons et al. had a very wide confidence interval (CI) for the potency ratio, it is difficult to draw conclusions regarding the relative potencies of the two newer drugs. This study was conducted to directly assess the relative potencies of epidural ropivacaine and levobupivacaine.
Materials and Methods
This research was conducted at the University of Michigan Health System, Ann Arbor, Michigan. After receipt of institutional review board approval and written informed patient consent, 105 parturients with American Society of Anesthesiologists physical status class I or II who requested epidural analgesia were enrolled. Participants had singleton pregnancies at greater than 36 weeks' gestation with vertex fetal presentation. All women were in active labor with cervical dilation of 3-7 cm at the time of catheter placement. Cervical dilation was manually assessed within 30 min before initiating the procedure. Detailed MLAC methodology has been previously described. 4, 7 Participants were allocated to one of two groups in a double-blind, randomized, prospective study design. The first group (n ϭ 35) received 20 ml levobupivacaine (Chirocaine; Purdue Pharma L.P., Norwalk, CT) and the second group (n ϭ 35) received 20 ml ropivacaine (Naropin; Astra USA, Inc., Westborough, MA). The concentration of local anesthetic received by a particular patient was determined by the response of the previous patient in that group to a higher or lower concentration, using an up-down sequential allocation technique. The test-ing interval was 0.01% wt/vol for each drug. The first patient in each group received 0.10% wt/vol levobupivacaine or ropivacaine based on an estimate of MLAC from a previous study. 4 Maternal and fetal hemodynamic data were recorded at 5-min intervals.
The efficacy of the study drug was assessed using 100-mm visual analog pain scale (VAPS) scores, where 0 represented no pain and 100 represented the worst possible pain, at 10-min intervals for the first 30 min after bolus injection. A VAPS of 10 mm or less was defined as effective. Three outcomes were considered:
1. Effective: VAPS of 10 mm or less during contractions within 30 min after injection. A result defined as effective directed a 0.01% wt/vol decrement for the next patient in that group.
2. Ineffective: VAPS of greater than 10 mm because of pain that responded to rescue with a 12 ml-bolus of 0.25% wt/vol of the same local anesthetic. A result defined as ineffective directed a 0.01% wt/vol increment for the next patient in that group.
3. Reject: VAPS of greater than 10 mm because of pain not responsive to rescue. A result defined as a reject directed that the same concentration be repeated for the next patient randomized to that group.
At 30 min, participants not defined as having effective analgesia were given the rescue bolus. Those unresponsive to rescue were designated as rejects. Parturients who entered the second stage of labor (defined as complete cervical dilation) during the study were also excluded.
In addition to VAPS assessment, other data collected at 10-min intervals included sensory level and degree of motor blockade. Sensory level was determined by perceived temperature difference to alcohol swab. Motor block was assessed bilaterally at 10-min intervals using the modified Bromage scale. To determine the duration of effective analgesia, women reporting a VAPS of 10 mm or less received no additional medication until their request.
Fetal Assessment
A perinatologist blinded to the study group allocation reviewed fetal heart rate tracings obtained during the first hour of the study using the National Institutes of Health research guidelines for interpretation of electronic fetal heart rate monitoring. 10 
Statistical Analysis
Demographic and obstetric data were collected and are presented as mean (SD), median (interquartile range), and count as appropriate. Means (SDs) were analyzed using unpaired Student t or Welch t tests for differing variances, medians (interquartile ranges) by Mann-Whitney U test, and counts or proportions by Fisher exact test. The median effective concentrations were estimated from the up-down sequences using the method of Dixon and Massey, 11 which enabled MLACs with 95% CIs to be derived. The sequences were also subjected to Wilcoxon and Litchfield probit regression analyses as backup or sensitivity tests. In addition, an intention-to-treat analysis using probit regression was performed on all randomized subjects, with reject outcomes redefined as ineffective. Analyses were performed using the following software: Excel 2000 (Microsoft Corp., Redmond, VA), Number Crunching Statistical System 2000 (NCSS Inc., Kaysville, UT), GraphPad Prism 3.02 (GraphPad Software Inc., San Diego, CA), and Pharmacological Calculation System 4.2 (Microcomputer Specialists, Wynewood, PA). Statistical significance was defined for an overall ␣ error at the 0.05 level. All P values were two sided. A ϭ visual analog pain score Ͼ 10 mm because of pain that fails to respond to rescue, concentration repeated; B ϭ protocol violation, concentration repeated; C ϭ second stage of labor before study completion, concentration repeated; D ϭ intravascular epidural catheter, concentration repeated; E ϭ patient withdrew from study, concentration repeated; F ϭ fetal heart rate deceleration.
Results
Demographic and obstetric characteristics were similar for both groups (table 1). There were no significant maternal or fetal hemodynamic differences between the groups (table 2). The study was discontinued in one patient in the ropivacaine group for fetal bradycardia secondary to umbilical cord prolapse.
Of the 64 women enrolled in the levobupivacaine group, 29 were excluded (table 3) , leaving 35 for analysis. The sequences of effective and ineffective analgesia are shown in figure 1 . The MLAC of levobupivacaine in the first stage of labor was 0.087% wt/vol (95% CI, 0.08 -0.09%) using the formula of Dixon and Massey and was 0.086% wt/vol (95% CI, 0.08 -0.09%) using probit regression analysis as a backup sensitivity test.
Of the 41 women enrolled in the ropivacaine group, 6 were excluded (table 3) , leaving 35 for analysis. The sequences of effective and ineffective analgesia are shown in figure 2 . The MLAC of ropivacaine in the first stage of labor was 0.089% wt/vol (95% CI, 0.08 -0.10%) using the formula of Dixon and Massey and probit regression analysis as a backup sensitivity test.
Levobupivacaine and ropivacaine seem to have a similar potency, with a ropivacaine:levobupivacaine potency ratio of 0.98 (95% CI, 0.80 -1.20) in this study.
Block Characteristics
There was no difference between the study groups in the time to onset of the block, which was defined as the time to a VAPS of 10 mm or less in the effective groups (table 4 ). There was no difference in the cephalad level of dermatomal spread, block duration, or motor block as assessed by the modified Bromage scale.
Fetal Assessment
Perinatologist review of continuous fetal heart rate tracings did not reveal significant differences between the study groups. One patient in the ropivacaine group underwent an immediate cesarean section for fetal bradycardia secondary to umbilical cord prolapse.
Discussion
The MLACs of epidural levobupivacaine and ropivacaine have not been previously compared; however, both local anesthetics have been compared to bupivacaine in three separate studies using MLAC methodology. The analgesic potency of ropivacaine was found to be 40% less than that of racemic bupivacaine, with a ropivacaine:bupivacaine potency ratio of 0.6 (95% CI, 0.49 -0.74). 4, 12 Levobupivacaine and racemic bupivacaine were found by Lyons et al. 9 to have similar analgesic potencies, with a levobupivacaine:bupivacaine potency ratio of 0.98 (95% CI, 0.67-1.41). Taken together, these previous investigations have led to the assumption that levobupivacaine is more potent than ropivacaine. Our findings that levobupivacaine and ropivacaine were of similar potency in this study with a ropivacaine: levobupivacaine potency ratio of 0.98 (95% CI, 0.80 -1.20) was surprising. These apparently discordant results are likely best explained by the wide CI in the study by Lyons et al. of levobupivacaine versus bupivacaine. In addition, there is always uncertainty when drawing conclusions from data in separate studies.
Previous studies compared 0.75% epidural levobupivacaine with 0.75% racemic bupivacaine for lower abdominal surgery 13 and 0.25% of each local anesthetic for labor analgesia. 14 Not surprisingly, the investigators did not find significant differences in the quality of analgesia, sensory block, or motor block. Supramaximal concentrations correspond to the upper, flatter portion of the dose-response curve, where anesthetic success is predictable and expected and potency differences are obscured. These results are not applicable to the markedly lower concentrations in current use for labor analgesia.
Intention-to-treat Analysis
Because of the marked disparity between the number of excluded patients in each study group, we also subjected our results to intention-to-treat analysis. For this purpose, all excluded patients were considered unresponsive to treatment. Logistic regression analysis showed no material change to results. The only significant variable was concentration of local anesthetic (table 5) .
Probit regression analysis also demonstrates little difference between the drugs (table 6) . The E 50 estimates are higher as expected because of the great increase in the number of treatment failures after the addition of excluded parturients.
Molecular Expression and Units
Local anesthetic concentrations are described in units of wt/vol percent or milligrams per milliliter. It is important to note that the weight in milligrams may refer to the combination hydrate, salt, or base. Bupivacaine and ropivacaine are expressed as hydrochlorides. The 0.25% concentration yields 2.5 mg/ml bupivacaine hydrochloride or ropivacaine hydrochloride, respectively. As previously reported, 9 the more recent addition, levobupivacaine, was subjected to a change in expressed formulation by drug licensing authorities, which mandated labeling as milligrams of active moiety only. 15 Therefore, 0.25% levobupivacaine contains 2.5 mg/ml free base or 13% more active moiety than racemic bupivacaine, which is not subject to the new guidelines. In addition, the lower molecular weight of ropivacaine implies that there are 4% more molecules compared to racemic bupivacaine. To avoid confusion, the Système Internationale d' Unitès (SI system) recommends the use of molar concentrations that express the concentration in terms of the molecular weight of the base. The SI sytem is in widespread use in many countries, not including the United States. The molar concentrations of 2.86 mM and 3.01 mM for ropivacaine and levobupivacaine, respectively, shift the potency ratio to 1.05 for ropivacaine:levobupivacaine. This suggests that ropivacaine may be 5% more potent, but again, this difference is not clinically significant.
We have compared the commercially available prepa- rations of the two local anesthetics to obtain clinically relevant results. Similar potencies were found for both ropivacaine and levobupivacaine under the conditions of this study.
